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Abstract
It is shown that the complex phase of B0–B¯0 mixing matrix element is
same as that of the standard model one up to the minor correction of the
order of (mc/mt)
2 or less in the SUSY standard model. This conclusion is
valid as far as the Yukawa coupling constants are perturbative and realistic,
and can be available for other realistic models where generation mixing and
CP violation are solely due to Yukawa interaction among quarks and Higgs
doublets.
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Investigation of CP violation phenomena in B physics is very important
not only for fixing the parameters in the standard model but also for exploring
new physics beyond the standard model.[1] CP violation in B decay can
occur through the interference between B0–B¯0 mixing and a decay amplitude
as in the case of decay rate asymmetry in neutral B meson decay into a
CP eigenstate like J/ψKs. There, the complex phase of the B
0–B¯0 mixing
matrix element, M12 = 〈B
0|H∆B=2|B¯0〉, is significant since the asymmetry is
proportional to Im[(q/p)ρ], where
q
p
∼=
M∗12
|M12|
, ρ ≡
Amp[B¯0 → fCP ]
Amp[B0 → fCP ]
, (1)
in the B meson case. The standard model gives[2]
arg[M12] ∼= arg[(V
∗
tdVtb)
2], (2)
where Vij is the Kobayashi-Maskawa matrix element.[3] If a new physics
contributes significantly to B0–B¯0 mixing, the mixing matrix element M12
is different from the standard model value. The discrepancy between the
standard model prediction and the experimental data can shed light on new
physics search. The magnitude of M12 is related to the oscillation frequency
of B0–B¯0 mixing or the mass difference between two mass eigenstates, ∆MB ,
while the phase to CP violation asymmetry. The mass difference has been
already measured, and the CP asymmetry will be within our reach by the
B dedicated experimental facilities now under construction.[4] Investigation
of the prediction on B physics in models beyond the standard model is now
called for the search of new physics at those B experiments.
Here it is shown that the phase of M12 is same as the standard model
value in the models which satisfy these conditions;
1. CP violation and generation mixing are solely originate from Yukawa
couplings among quarks and Higgs SU(2)L doublets.
2. Yukawa coupling constants are perturbative and realistic.
3. Quarks are given in 3 generations.
4. Flavor changing neutral current is forbidden at the tree level. (Natural
flavor conservation[5])
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As a concrete example we first investigate SUSY standard model, which satis-
fies above conditions. Then we extend the results to other models like multi-
Higgs models where the above conditions are satisfied. The CP asymmetry
is same as the standard prediction but the magnitudes of B0–B¯0 mixing can
differ in these models. Then the so called unitarity triangle[1] made from
angles alone and that from sides alone are not consistent with each other,
which is a sign of new physics.
It has been shown that the SUSY standard model gives the B0–B¯0 mixing
matrix elements M12 of the same phase as that of the standard model one in
the case where top quark Yukawa coupling is far larger than other Yukawa
couplings.[6]. Recently this is found to be the case even if top quark Yukawa
coupling is not so larger than bottom quark Yukawa coupling as far as the
Yukawa couplings are perturbative and realistic by Goto, Nihei and Okada’s
numerical computation.[7] Here we give an analytic explanation of it.
SUSY standard model has 2 Higgs doublets, H and H ′, which couple to
quark fields as
LYukawa = DRyDQLH + URyUQLH
′ + h.c., (3)
where QL = (U,D)L, and we abbreviated 3 generation quark fields by U =
(u, c, t) and D = (d, s, b). The Yukawa coupling constants, yD and yU , are
3× 3 complex matrices. The key point of the following argument lies in the
fact that generation changing interaction is solely controlled by the above
Yukawa interaction (condition 1). It is also important to pay attention to
the fact that left-handed quark fields always come right-side of the Yukawa
couplings while right-handed fields to left-side. Without loss of generality we
can take the basis where yD is real positive diagonal and yU is expressed in
terms of up-type quark masses and Kobayashi-Maskawa matrix V (condition
4);
yD = diag(md, ms, mb)/〈H
0〉 ≡ M˜D (4)
yU = diag(mu, mc, mt)V/〈H
′0〉 ≡ M˜UV (5)
The coupling among quarks and W boson is still generation diagonal in this
basis. Then any generation mixing in the theory should be expressed in terms
of the Yukawa couplings (condition 2). For example, the d-type scalar quark
3
mass matrix,
( D˜L
†
D˜R
†
)
[
(L− L)D (L−R)D
(L−R)D
† (R− R)D
](
D˜L
D˜R
)
, (6)
is expanded in the Yukawa couplings in the following way;
(L− L)D = m
2
DLI +
∑
p=(p1,p2,...)
κ
(p)
DL (yD
†yD)
p1(yU
†yU)
p2 · · · (yD
†yD)
pj
= m2DLI +
∑
p=(p1,p2,...)
κ
(p)
DL M˜
2p1
D (V
†M˜2p2U V ) · · · M˜
2pj
D ,
(L−R)D = m
2
DLRI +
∑
p=(p1,p2,...)
κ
(p)
DLR M˜
2p1
D (V
†M˜2p2U V ) · · · M˜
2pj
D M˜D,
(R−R)D = m
2
DRI +
∑
p=(p1,p2,...)
κ
(p)
DR M˜DM˜
2p1
D (V
†M˜2p2U V ) · · · M˜
2pj
D M˜D.
(7)
The index pi takes a value of non-negative integer. The coefficients κ
(p)
and the generation diagonal parts are constants fixed in the model. Note
the order of Yukawa couplings given in these formulae as pointed out below
Eq.(3).
We calculate the contribution to B0–B¯0 mixing by treating the generation
mixing as a perturbation (mass insertion). The gauge interactions are all
generation diagonal in our basis. The generation mixing part of the gluino
contribution to b→ d transition shown in Fig.1 is given as
[M˜ r1D (V
†M˜2r2U V )M˜
r3
D · · · (V
†M˜
2rn−1
U V )M˜
rn
D ]13. (8)
By using the hierarchy among quark masses
mt ≫ mc ≫ mu, mb ≫ ms ≫ md (9)
and that among Kobayashi-Maskawa matrix elements (conditions 2 and 3),
V = O


1 λ λ3
λ 1 λ2
λ3 λ2 1

 , (λ = |Vus|) (10)
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we find that the dominant contribution is given by
(M˜ r1D )11(V
†)13(M˜
2r2
U )33(V )33 · · · (V
†)33(M˜
2rn−1
U )33(V )33(M˜
rn
D )33
∝ mr1d m
p
tm
q
b|V33|
2s(V †)13V33 = m
r1
d m
p
tm
q
b |Vtb|
2sV ∗tdVtb. (11)
and the next leading part is suppressed by (mc/mt)
2. This situation is shown
schematically in Fig.2. Therefore we get
arg[Mgluino12 ] ∼= arg[(V
∗
tdVtb)
2] ∼= arg[MSM12 ]. (12)
Similar calculation of chargino, neutralino and charged Higgs contributions
give the same conclusion although the calculation is a bit complicated.
Now we give a simpler explanation of the above result. We have at most
4 types of b→ d transition effective operators under the conditions 1 and 2 ;
dLΓ[y
† · · · y]13bL, dRΓ[yD(y
† · · · y)]13bL,
dLΓ[(y
† · · · y)y†D]13bR, dRΓ[yD(y
† · · · y)y†D]13bR,
(13)
where Γ is a combination of γ matrices, and y = yD or yU . So the leading
coefficient of the above terms is given by
mrdm
p
tm
q
b|Vtb|
2sV ∗tdVtb (14)
in our basis of Yukawa coupling under the conditions 3 and 4. We find that
M12 = 〈B
0|f(d¯Γb)(d¯Γ′b)|B¯0〉 ∼= (V ∗tdVtb)
2 × (real factor). (15)
This conclusion holds as far as the model satisfies the four conditions given
before because we have made no model specific calculation.
Before closing this letter we give one comment on the power of quark
masses in M12. The standard model also satisfies the four conditions. If we
calculate M12 treating the generation changing by mass insertion method as
given before in the SUSY standard model case, the contribution shown in
Fig.3 gives M12 ∝ m
4
t (V
∗
tdVtb)
2. But we know that M12 ∝ m
2
t (V
∗
tdVtb)
2 in the
ordinary calculation if mt ≪MW .[8] This mystery is solved once we include
all the remaining contributions of mass insertion. The exact formula of M12
in the standard model depends on quarks masses as follows;
ξxξy[−
3
4
xy +
x2 ln x− y2 ln y
x− y
+O(m6q)] (16)
→ ξ2x[−
3
4
x2 + x+ 2x lnx+O(m6q)] (y → x), (17)
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where ξi = V
∗
idVib and x = (mx/MW )
2. The numerator of the second term
of Eq.(16) is O(m4q). Inclusion of full mass-insertion contribution gives the
denominator x − y, and the ln term appears if careful treatment of infra-
red divergence is done in the calculation. In any case the phase of M12 is
controlled by (V ∗tdVtb)
2 because |mnt (V
∗
tdVtb)
2| ≫ |mnc (V
∗
cdVcb)
2| as far as n ≥ 1.
In conclusion we have shown that the phase of the B0–B¯0 mixing matrix
element is unique in the models where generation mixing and CP violation
solely originate from the naturally flavor conserving Yukawa coupling among
3 generations of quarks and Higgs doublets as far as the Yukawa coupling
constants are realistic and perturbative. Examples of the models which sat-
isfy these criterions are the standard model, multi-Higgs models with NFC
and the SUSY standard model. We need informations both of sides and an-
gles of the unitarity triangle to find a signal of these models at coming B
factories.
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Figure Captions
Fig.1 Gluino contribution to b→ d transition. The black circle represents a
scalar quark mass matrix element. The indices j, k and l specify scalar
quarks.
Fig.2 Diagrammatic estimation of the matrix element (8). The number at
the left side represents generation. Transition between 1st and 2nd
(2nd and 3rd) generations gets O(λ) (O(λ2)) factor from quark mixing
matrix V . A factor of a power of quark mass is multiplied at each
circle. At least the factor of O(λ3) is necessary in b → d transition.
The dominant contribution is obtained by multiplying as least 1st or
2nd quark masses as possible.
Fig.3 A standard model contribution to B0–B¯0 mixing calculated in the
mass insertion scheme taken here.
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